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A compilation  of  Ge VII wavelen gths has been car ried ou t for  th e NIST Atomic  Spec tr a Database
on th e Wor ld Wide Web. Th e compilation  is based on  ou r previous an alyses of  th e ger man iu m
spectr a:  th e 3d8 - 3d7 4p tr ansition  ar ray in th e r ang e 160-210 Å,  3p6 3d8 - 3p5 3d9  in  th e ran ge 123- 142
Å and 3d7 4s- 3d7 4p in  th e ran ge 739- 987 Å [1-3]  and th e compilation  of energ y  lev els by  Sug ar an d
M usgr ove [ 4].  A Ru ssian  pu blic ation  [1] with the complete list of  wavelen gth s of  Ge VII is not well
k nown ;  n o new  data on  this spec tr um were obtained sin ce ou r analy ses.

The Ge VII spec tru m was ex cited in a thr ee- electrode vac uu m spark  with  th e disch arg e
par ameters C=1- 10 µF, L= 500- 1000 nH,  an d U= 4- 10 kV.  Tr an sition s to th e groun d state,  ly in g
in th e reg ion  sh or ter  than  200 Å,  were studied from spec tr og r ams obtain ed with  a 3- m grazin g
inc idenc e vac uu m spec tr og r aph (an gle of inc idenc e 85° )  with  a 3600 lines/ mm gr ating .  When 
w or kin g in  th e reg ion  lon g er  th an  700 Å,  wh er e tran sitions betw een  exc ited states are located, we
u sed a 6.65–m normal in ciden ce vacu u m spectrog raph  with  a 1200 gr oov es/ mm gr atin g . Th e
standard er ror for  th e wav elen g th s in th e shor t- wav e reg ion was estimated at 0.004 Å,  an d in th e
lon g- w av eleng th  region,  0. 007 Å.

The Ge VII spec tru m belon g s to th e iron isoelectron ic  sequ en c e,  having  a gr oun d- state
c on fig ur ation  3p6 3d8  an d the lowly exc ited con figu r ation s 3d7 4s,  3d7 4p,  3p5 3d9  an d 3d7 4f.  Th e
3p5 3d9  conf igu ration,  with  th e exc itation  of  an  elec tr on  fr om an  in ner shell,  whic h is un kn own  at
the beginn ing  of  the isoelec tr onic sequen ce, dec reases in en erg y with respec t to valen ce elec tr on
exc itation s as the ionization stage in cr eases.  As a resu lt, a str ong  in terac tion  betw een  th e
3p6 3d7 4p an d 3p5 3d9  conf igu rations is observ ed for  a nu mber  of  ions of  the sequ enc e inc lu din g Ge
VII (Fig . 1).  Th e an aly sis of the resonan ce tr an sition arr ay  3d8  - 3d7 4p,  located in the region  160- 
210 Å,  has been  carr ied ou t in  [2].  All lev els of the gr ou nd conf igu ration 3d8  an d 85 of  110 lev els of
the 3d7 4p con figu r ation  hav e been  fou n d.  Other lev els of the latter  conf igu ration either  do not
h av e transition s to the gr ou nd conf igu ration or th e tran sitions ar e ver y week.  Th ese lev els can  be
f ou nd by  studyin g tr ansition s to th e 3d7 4s con figu r ation . Th e analysis of  th e 3d7 4p- 3d7 4s an d
3p6 3d8 - 3p5 3d9  tr an sition  arr ays an d th e nec essar y  cor r ec tions of  the 3d7 4p con figu r ation  wer e
made in ou r  subsequen t wor k [3] . Th u s all lev els of  the 3d8 ,  3d7 4s,  3s7 4p an d 3p5 3d9  conf igu rations
w er e established. Later , these levels wer e compiled in [4] .

The pu rpose of the pr esen t w or k  is to ch eck  ou r pr eviou s analysis an d to pr esent a wav elen g th 
table in  th e for mat of th e NIST Database.  It should be noted th at we in terpr eted th e spectr a on 
the basis of sin gle- c on fig ur ation  calc ulation s bec ause of ou r  calc ulation  limitations at th at time.
Besides,  th e kn owledg e of  other  ion s of the Fe-lik e isoelectr on ic  sequ enc e was very  poor . In 1980, 
w hen we started to work  on  the Ge VII spectru m, th e hig h est well- stu died member of th is
sequen ce was Cu  IV. The spec tr a Zn V and Ga VI wer e under stu dy , and on ly  pr eliminary  valu es
f or  th e lev els of th e ter m 3d8  3 F wer e know n.  Sinc e that time,  a gr eat amou nt of  work  has been
don e for  many  spec tr a of  Fe-like ions. Now , the resonan ce tr an sition arr ay  3d8 - 3d7 4p has also
been stu died for  the Zn  V- Br  X,  Rb XII an d Sr  XIII ions.  The 3p6 3d8 - 3p5 3d9  tr an sition  arr ay is
k nown  for the Ga VI- Br X and Ag  XXII-Sn XXV ions.  In  th ese latter  ion s, th is tr ansition  ar ray
bec omes reson an t.  Th e tr ansition  ar ray between th e exc ited con fig ur ation s 3d7 4p an d 3d7 4s has
been analy zed in  the Zn  V- Ge VII an d Br X ion s.



Fig ur e 1:  Av er age en er gies of  th e thr ee lowest odd con f ig ur ation s realtive to th at of  the gr ou n d
c on fig ur ation  alon g the Fe I sequ en c e. 

The Hartree-Foc k  (HF)  and least–squ are fit (LSF)  calc ulation s wer e car r ied out for th e stu died
c on fig ur ation s by means of  the Cowan  code. Th e fin al values of th e c or r espon ding  parameter s and
their  ratios ar e giv en in  Table 1. All 47 ener gy  levels of  th e ev en 3d8  an d 3d7 4s con figu r ation s ar e
inc lu ded in  the LSF calcu lation , an d the mean - squar e dev iation σ is 91cm-1.  The ef fec tive
par ameters β an d T for  th e 3d8  conf igu ration wer e fix ed becau se of  the in stability of  th e fittin g
process,  an d th e valu es for th em wer e tak en  to be the same as for  th e 3d7 4s con figu r ation .   The
odd c onf ig u rations 3d7 4p,  3p5 3d9  an d 3d7 4f wer e in c lu ded in the c alc ulation  with  th eir  interaction .
As noted abov e,  th er e is a str ong  in terac tion  betw een  th e 3d7 4p an d 3p5 3d9  conf igu rations,  even 
thoug h  the av er age en er gies of  th ese con f ig ur ation s are separ ated by  226, 640 cm-1.  Acc ordin g  to
the HF calc ulation , the 3d7 4f con figu r ation  is loc ated 83, 680 cm-1 high er an d also distur bs some
lev els of the 3p5 3d9  conf igu ration.  All 122 en er gy  levels of  th e 3d7 4p an d 3p5 3d9  conf igu rations
w er e inc lu ded in  the LSF calcu lation  and th e mean squ ar e dev iation  σ is 131 cm-1.  We inc reased
the av er ag e ener gy  of  the un kn own  3d3 4f con figu r ation  by 3005 cm-1 with  respect to the HF valu e
as in  th e 3d7 4p con figu r ation . All par ameter s wer e fix ed ac cording  to the usual scalin g fac tor s
f rom the HF valu es: 0.85 for  th e electrostatic  interaction  an d un ity  for th e spin -orbit in ter ac tion. 
The conf ig u ration in ter ac tion par ameters were sc aled by  a fac tor of 0. 85 for  both  even  and odd
c on fig ur ation s.  In  conc lu sion,  we note th at th e LSF/H F ratios for  all stu died con figu r ation s ar e
c lose to th ose predic ted by ex trapolation  alon g th e isoelectr on ic  series.  It is also inter estin g  to note
that the 3p5 3d9  1F3 ° level dev iates fr om th e compu ted valu e by  on ly  -7 cm–1 ;  in the sing le- 
c on fig ur ation  c alc ulation  [1] this dev iation was - 7155 cm–1 . 

O n th e basis of  th is work ,  we con fir m ou r  prev ious classif ic ation s for  all spectr al lines and
energ y  lev els ex cept for the 3p6 3d8  3 P1 - 3p5 3d9  3 P0 ° tr an sition . In stead of  th e lin e at 135. 018 Å,  the
c or rec t lin e is at 135. 008 Å. Cor responding ly ,  the 3p5 3d9  3 P0 ° level, h av in g  only  one tr an sition  to
the gr ou nd state, ch ang es fr om 769854 cm-1 to 769908 cm-1.  We also added secon d classif ications
f or  th ree lin es,  in acc or dan ce with  th e transition  pr obabilities calcu lated with  th e fin al



par ameters of  th e LSF calc ulation . Besides,  a few mispr ints in th e design ation s of th e classified
lin es have been  corr ected.  After ch eck in g  the an aly sis,  we pr epar ed a table of  th e classif ied
w av eleng th s inc ludin g  mor e than  520 Ge VII spectral lin es.  Th is table will appear  in an upc omin g 
n ew  v ersion  of the NIST Atomic  Spec tra D atabase. 
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T able 1:  P ar am etr ic  values of the energy i nt egr al s  and  thei r  r at i os  t o t he Hart r ee-F ock  values  for t he
3d8 +3d7 4s  and  3d 7 4p + 3p5 3d 9 + 3d7 4f c onfigur ati ons  i n GeV II (c m- 1).

Confi g ur ati on P ar am e te r L SF E rr or H F L SF /H F *

3 p6  3 d 8 E av(3 d 8) 1 92 12 4 0 2 15 41 -23 29 
F 2(3d ,3d ) 1 30 53 9 3 11 1 48 80 6 0 .8 77 
F 4(3d ,3d ) 8 31 08 2 83 9 38 74 0 .8 85 
α(3d ) 6 6 0 07 
β (3d ) 5 50 f
T (3 d) -8 f
ζ (3d ) 1 94 8 4 3 1 95 0 0 .9 99 

3 d7  4 s E av(3 d 7 4s ) 4 36 15 1 1 9 4 34 30 5 1 84 6
F 2(3d ,3d ) 1 34 69 6 1 04 1 54 33 9 0 .8 73 
F 4(3d ,3d ) 8 70 76 2 03 9 76 13 0 .8 92 
α(3d ) 6 8 7 
β (3d ) 5 50 1 21 
T (3 d) -8 1 
ζ (3d ) 2 10 7 1 8 2 06 9 1 .0 18 
G2(3d ,4s ) 1 40 97 8 2 1 42 81 0 .9 87 
R 2(3d ,3d ;3 d ,4 s) 1 12 70  f 1 32 59 0 .8 50 
σ 9 1

3 d7  4 p E av(3 d 7 4p ) 5 53 07 9 1 5 5 50 07 4 3 00 5
F 2(3d ,3d ) 1 35 78 1 8 9 1 54 50 6 0 .8 79 
F 4(3d ,3d ) 8 72 92 1 93 9 77 30 0 .8 93 
α 5 7 6 
β 7 68 1 00 
T (3 d) -9 1 
ζ (3d ) 2 09 2 1 6 2 07 2 1 .0 10 
ζ (4p ) 3 81 2 3 4 3 27 8 1 .1 63 
F 2(3d ,4p ) 3 53 02 1 29 3 60 20 0 .9 80 
G1(3d ,4p ) 1 12 10 5 8 1 19 38 0 .9 39 
G3(3d ,4p ) 1 12 84 1 51 1 14 09 0 .9 89 

3 p5  3 d 9 E av(3 p 5 3d 9 ) 7 79 71 9 5 7 8 07 03 3 -27 31 4 
ζ (3p ) 2 33 97 1 24 2 21 66 1 .0 56 
ζ (3d ) 1 85 7 6 2 1 94 6 0 .9 54 
F 1(3p ,3d ) 1 16 86 6 27 
F 2(3p ,3d ) 1 48 72 9 5 48 1 49 74 4 0 .9 93 
G1(3p ,3d ) 1 48 82 7 3 62 1 81 09 9 0 .8 22 
G2(3p ,3d ) -59 81 6 98 
G3(3p ,3d ) 1 14 83 0 5 94 1 12 60 6 1 .0 20 

3 d7  4 f E av(3 d 7 4f) 8 63 40 0 f 8 60 39 5 3 00 5
F 2(3d ,3d ) 1 31 96 7 f 1 55 25 5 0 .8 50 
F 4(3d ,3d ) 8 35 02  f 9 82 38 0 .8 50 
ζ (3d ) 2 08 7 f 2 08 7 1 .0 00 
ζ (4f) 8 f 8 1 .0 00 
F 2(3d ,4f) 1 28 68  f 1 51 39 0 .8 50 
F 4(3d ,4f) 4 71 1 f 5 54 2 0 .8 50 
G1(3d ,4f) 5 84 1 f 6 87 2 0 .8 50 
G3(3d ,4f) 3 36 5 f 3 95 9 0 .8 50 
G5(3d ,4f) 2 30 9 f 2 71 7 0 .8 50 
R 1(3d ,4p ;3 d ,3 d) 1 26 52  f 1 48 85 0 .8 50 
R 3(3d ,4p ;3 d ,3 d) 1 26 51  f 1 48 83 0 .8 50 
R 2(3d ,4p ;3 d ,4 f) 1 34 08  f 1 57 74 0 .8 50 
R 4(3d ,4p ;3 d ,4 f) 4 58 6 f 5 39 5 0 .8 50 
R 1(3d ,4p ;4 f,3 d) 1 65 5 f 1 94 7 0 .85 0
R 3(3d ,4p ;4 f,3 d) 1 69 4 f 1 99 3 0 .8 50 
R 1(3d ,3d ;3 d ,4 f) -25 65 8  f -30 18 5 0 .8 50 
R 3(3d ,3d ;3 d ,4 f) -13 18 5  f -15 51 2 0 .8 50 
σ 1 31 

                                                          
* Differen ces  E av(LSF)-Ea v(HF) a re presented for E av. f - Th e p arameters  are fixed .


